Introduction {#s1}
============

In all cultures around the world [@pone.0071182-Blacking1]--[@pone.0071182-Lomax1] and far back into human history [@pone.0071182-Adler1], [@pone.0071182-Conard1], people have come together to sing and dance. Why do humans perform such behaviour? One popular explanation is that collective music and dance bonds people together and increases cooperation [@pone.0071182-Bispham1]--[@pone.0071182-Ellis1]. Such an important function in human sociality could explain music and dance's ubiquity and its selection and retention. Observations from ethnographies [@pone.0071182-Grosse1]--[@pone.0071182-Kuper1], historical analysis [@pone.0071182-McNeill1], [@pone.0071182-Ehrenreich1], and experimental research [@pone.0071182-Kirschner1], [@pone.0071182-Anshel1] support this social bonding hypothesis. However, it is not yet clear through what mechanism music and dance might produce this effect.

Despite variance in expressions and contexts of collective music and dance performances, one common underlying factor found in most forms of collective music and dance is the matching of rhythmic behaviours amongst performers. Performers move their bodies or produce sound at the same frequency (*frequency-locked synchrony*) or phase (*phase-locked synchrony*) [@pone.0071182-Clayton1]. Behavioural synchrony has been linked with greater social bonding and cooperation suggesting that such synchrony could be one of the key mechanism behind collective music and dance's prosocial effect [@pone.0071182-Benzon1]--[@pone.0071182-Warner1].

Previous research on synchrony has predominantly been conducted on pairs (dyads), (cf. [@pone.0071182-Wiltermuth1], [@pone.0071182-Cohen1]) modelling the spontaneous and automatic synchrony that often occurs when two people interact [@pone.0071182-Condon1]--[@pone.0071182-Zivotofsky1]. However, the synchrony that occurs in music and dance is not accidental, but rather a deliberate communal practice. In collective music and dance, performers intentionally modify the timing of their rhythmic movement to entrain to the behaviour of others with the knowledge that others also share the goal of entrainment. This sharing of psychological states enabling collaborative behaviours is termed *shared intentionality* [@pone.0071182-Tomasello1], [@pone.0071182-Tomasello2]. Kirschner and Tomasello proposed that it is shared intentionality that is essential in creating the cooperative effects of collective music and dance, \"getting people to experience each other as co-active, similar and cooperative members of a group" p 362 [@pone.0071182-Kirschner1].

To further understanding of how collective music and dance influences cooperation, we conducted three studies designed to disentangle the social effects of synchrony and shared intentionality. In Experiment 1, we compared a condition in which shared intentionality was used to create synchrony with conditions in which synchrony and asynchrony were created as a by-product of hearing the same or different rhythmic beats. Our results from Experiment 1 helped to clarify whether shared intentionality is an important factor in producing cooperative effects from group synchrony. In Experiment 2, we measured cooperation after varying intentional synchrony with intentional asynchrony. This helped us to understand whether synchrony matters to cooperation. In Experiment 3 we manipulated both shared intentionality and synchrony to examine how their interaction affected cooperation.

Experiment 1 {#s2}
============

For Experiment 1, we replicated and extended a recent study from Wiltermuth and Heath [@pone.0071182-Wiltermuth1]. We manipulated synchrony by asking participants to move in time with the same rhythmic stimulus (synchrony condition), rhythmic stimuli of different frequencies (asynchrony condition), or passive non-movement (passive condition). The crucial difference in our experiment was that we included a condition that used shared intentionality to create synchrony (shared goal condition). We created shared intentionality by providing participants with a shared goal: participants were asked to work together to move in time with each other. We then measured cooperative behaviour using a public goods game. Similar to Wiltermuth and Heath, we also measured self-reported prosociality: perceived similarity, interdependent self-construal, trust, and entitativity (the degree to which a collection of people are perceived as a group [@pone.0071182-Campbell1]).

Considering previous research incorporating synchrony and shared intentionality [@pone.0071182-Kirschner1], ethnographic and historical accounts of naturally occurring synchronous activities [@pone.0071182-Durkheim1], [@pone.0071182-RadcliffeBrown1], [@pone.0071182-Lange1], [@pone.0071182-McNeill1], [@pone.0071182-Ehrenreich1], and research showing that collective goals increase cooperation [@pone.0071182-Mitkidis1], we hypothesised that synchrony created through shared intentionality (the shared goal condition) would produce the highest level of cooperation (both behavioural and self-reported). Based on Wiltermuth and Health's [@pone.0071182-Wiltermuth1] findings, along with other research on incidentally induced synchronous movement [@pone.0071182-Hove1], [@pone.0071182-Valdesolo1], we expected that the synchrony condition would show higher levels of cooperation compared to passive non-movement and incidentally induced asynchronous movements, but lower levels of cooperation than the shared goal condition. We therefore also predicted a linear increase of cooperation from the control and asynchrony conditions producing the lowest cooperation, to the synchrony condition, to the shared goal condition.

Methods {#s3}
=======

Participants {#s3a}
------------

Participants were 123 volunteers recruited through posters placed around the Victoria University of Wellington New Zealand campus (85 female; mean age = 23.13 years, range: 17--42 years). All participants were paid in cash at the end of the experiment with all participants receiving a \$5 show up fee (the currency for all experiments was the New Zealand dollar) and the accurate amount they earned from the economic game.

Ethics Statement {#s3b}
----------------

For all three experiments reported, ethical approval was obtained from the School of Psychology Human Ethics Committee at Victoria University of Wellington. The School of Psychology Human Ethics Committee granted us the use of participants recruited from the Victoria University of Wellington student population and did not require parental or guardian consent for those below 18. All participants provided written informed consent.

Procedure {#s3c}
---------

### Synchrony manipulation {#s3c1}

A between subjects design was used with four conditions of the movement manipulation (shared goal, synchrony, asynchrony, and passive). For the synchrony and asynchrony conditions, participants in groups of four were asked to perform three different simple movements each lasting two minutes: (1) move their left arm up and down, then their right arm up and down; (2) sway their upper body from an upright position to the left and up, then to the right and up; and (3) move their left leg up from a standing position and down, then their right leg up and down (movements adapted from [@pone.0071182-Naruse1]). The activity took a total of six minutes. Participants were asked to move in time with a metronome beat played through headphones. We used a simple metronome beat rather than a national anthem (as used by Wiltermuth and Health [@pone.0071182-Wiltermuth1]) to better isolate the effect of synchrony. Participants were told that the goal of the task was "to keep in time with the rhythmic pulse playing through your headphones". In the synchrony condition, a four-way headphone splitter allowed group members to hear the same metronome beat, which was played through their headphones (tempo at 65 beats per minute \[bpm\]). In the asynchrony condition, a slightly different tempo (60 bpm, 65 bpm, 70 bpm, and 75 bpm) was channelled to each participant's headphones.

The procedure of the synchrony plus the shared goal condition was the same as the synchrony condition except participants were not given a metronome beat by which to coordinate their actions. Instead, participants were told that the goal of the task was to "work together to keep in time with each other". Participants were given a brief 10 second practice to check that everyone was able to perform movements in time. They were told when to start and when to stop, and after each two minute interval they were instructed when to change movements (arm swinging, body swaying, and stepping).

In the passive condition, a video was created of four people doing the same movement activity in synchrony with an audible metronome click in the background. Participants sat in a row on four chairs whilst watching this video for approximately six minutes. We used a video to be able to assess the impact of performing synchrony versus observing synchrony, as observation of synchrony has been found to prime entitativity [@pone.0071182-Lakens1]--[@pone.0071182-Reddish1].

### Cooperation measure {#s3c2}

We used a public goods economic game to test cooperation behaviourally. Participation in the game took place directly after the synchrony activity. The four participants were seated in chairs facing separate walls to minimise any communication. Participants were told they would be given \$5.00 (\$NZ 5 was at the time of the experiment about \$US 4, roughly enough for a student lunch) for which they could contribute some or all of this \$5 to a group investment. All money in the group investment would then be doubled and divided equally among all members of the group. Instructions were read out by the experimenter and were also written on a sheet handed to participants. Thus, the instructions were known to be common knowledge [@pone.0071182-Friedman1]. Participants were then handed a slip in a lettered envelope on which they confidentially indicated how much, if any, of their money they would like to contribute to the group investment (in \$0.50 increments). Envelopes were then collected and taken to an assistant in another room to calculate each player's earnings. Earnings were placed back in the same lettered envelope for participants to collect at the end of the experimental session, ensuring that participants' contributions remained confidential. Participants received the correct amount of money they earned (rounded to the nearest \$0.10).

### Post-activity questionnaire {#s3c3}

After the cooperation measure, participants completed a questionnaire measuring self-reported prosocial measures and demographics. Entitativity, perceived similarity and trust were measured with the same single item 7-point Likert scales as used by Wiltermuth and Heath [@pone.0071182-Wiltermuth1]. The questions were given as follows: "How much did you feel you were on the same team with the other participants?"; "How similar do you think you are to the other participants?"; "How much did you trust the other participants going into the group investment exercise?" Interdependent self-construal was measured using an adapted version of the Inclusion of the Other in the Self scale (IOS [@pone.0071182-Aron1]). We asked participants to rate "how close you currently feel to all the people you just did the activities with" by indicating which of a series of increasingly inclusive circles best described their judgment. Two control variables were also measured: perceived difficulty of the movement activity, which was measured used the single item "the first group activity was difficult to do" from 1 (*strongly disagree*) to 7 (*strongly agree*); and how well participants knew each other before the study, which was measured on a 5-point Likert scale from 1 (*I had never seen him/her before*) to 5 (*I know him/her very well*).

Results {#s4}
=======

One group was removed from further analyses because three out of the four group members indicated that they were very close friends. For the remainder of the 119 participants, there were no significant differences across conditions in how well participants knew each other before the study (*F* ~max~ = .89, *p* = .45).

Across all conditions, the amount of money placed in the investment ranged from \$0 to \$5. Results were however strongly positively skewed in the shared goal and synchrony conditions, where 55% in the shared goal condition and 50% in the synchrony condition donated the full \$5 to the group investment. By contrast, 23% of participants in the asynchrony condition and 33% of participants in the passive condition donated the full \$5. Shapiro-Wilk normality tests revealed that the data was strongly non-normal for both the shared goal condition, *W*(29) = .74, *p*\<.001, and the synchrony condition, *W*(30) = .80, *p*\<.001. The skew was also highly significant in the shared goal condition (skew = −1.31, *SE* = .43, *z* = −3.05, *p*\<.01), therefore, we used non-parametric statistics to test the effect of our manipulations. A Kruskal-Wallis test found a marginally significant difference in mean ranks across conditions, *H*(3) = 6.94, *p* = .07.

To test our theoretically driven hypothesis of a linear increase from the control to the shared goal condition, we conducted a Jonckheere-Terpstra test. We found that a significant linear trend fitted the data: *J* = 2242, *z* = −2.03, *p* = .04, (see [Figure 1](#pone-0071182-g001){ref-type="fig"}). The highest mean rank contribution was found for the synchrony plus shared goal condition (*Mdn* = \$5.00), followed by the synchrony condition (*Mdn* = \$4.50), the passive condition (*Mdn* = \$3.25), and the smallest contribution was found in the asynchrony condition (*Mdn* = \$2.75). Examining the overall improvement of shared intentionality to synchrony, Mann-Whitney *U* tests found that the level of investment in the shared goal condition was significantly higher than the asynchrony condition, *U = *277.50, *z* = −2.47, *p = *.01, *r = *.32; marginally significantly higher that the passive condition, *U = *329.50, *z* = −1.68, *p = *.09, *r = *.22, but was not significantly higher than the synchrony condition, *U = *395.00, *z* = −.66, *p = *.51, *r = *.09, (see [Table 1](#pone-0071182-t001){ref-type="table"}).

![Cooperation across experimental conditions for Experiment 1.\
Each dot represents the mean amount of money donated to the group investment (dollars). Error bars are +/− SE.](pone.0071182.g001){#pone-0071182-g001}

10.1371/journal.pone.0071182.t001

###### Means of prosocial outcome variables for Experiment 1 (standard deviations are in parenthesis).

![](pone.0071182.t001){#pone-0071182-t001-1}

                                                 Shared goal                          Synchrony                                                  Asynchrony                                                  Passive
  --------------------------------------------- ------------- ---------------------------------------------------------- ---------------------------------------------------------- ----------------------------------------------------------
  Cooperation[a](#nt101){ref-type="table-fn"}    3.88 (1.59)                    3.53(1.76), *r* = .09                      2.87(1.72), *r* = .32[\*](#nt102){ref-type="table-fn"}                     3.22 (1.65), *r* = .22
  Interdependent self-construal                  3.69(1.71)    2.47(1.25), *d* = .81[\*\*](#nt103){ref-type="table-fn"}   2.47(1.43), *d* = .77[\*\*](#nt103){ref-type="table-fn"}   2.28(1.25), *d* = .94[\*\*](#nt103){ref-type="table-fn"}
  Entitativity                                   4.90(1.45)                     4.78(1.80), *d* = .07                                      4.13(1.71), *d* = .49                     3.41(1.96), *d* = .94[\*\*](#nt103){ref-type="table-fn"}
  Trust                                          4.48(1.62)                     4.30(1.37), *d* = .12                                      4.23(1.45), *d* = .16                      3.59(1.21), *d* = .62[\*](#nt102){ref-type="table-fn"}
  Perceived similarity                           4.24(1.66)                     3.77(1.52), *d* = .30                                      3.80(1.47), *d* = .28                      3.34(1.32), *d* = .60[\*](#nt102){ref-type="table-fn"}

Effect sizes and significance values are based on the non-parametric Mann-Whitney tests.

*p*\<.05,

*p*\<.01.

Effect sizes and significance levels are in comparison to the shared goal condition.

One-way ANOVAs were performed for each of the self-report measures with movement condition as the independent variable. There was a significant difference in interdependent self-construal, *F*(3,114) = 6.06, *p* = .01, *η~p~* ^2^ = .14 with the shared goal condition producing significantly higher (*p*s\<.01) interdependent self-construal than in each of the other three conditions (See [Figure 2](#pone-0071182-g002){ref-type="fig"}). A main effect was found for entitativity, *F*(3,114) = 4.51, *p* = .01, *η~p~* ^2^ = .11. A polynomial contrast analysis showed a significant linear trend, *F*(1, 114) = 12.94, *p*\<.01, with the shared goal condition producing the highest mean level of entitativity, then the synchrony condition, then the asynchrony condition, and lastly the passive condition. Although the shared goal condition produced the highest mean level of entitativity, it was only significantly greater than the control condition. (Note that for those dependent variables where intra-class correlations suggested possible violation of independence of data within groups, we also conducted multi-level analyses [@pone.0071182-Kenny1]. Only for entitativity in Experiment 1 did this produce any substantial change in the results with the main effect of movement becoming marginally significant, *F*(3,32.07) = 2.63, *p* = .07).

![Interdependent self-construal across experimental conditions for Experiment 1.\
Each dot represents the mean rating for interdependent self-construal. Error bars are +/− SE.](pone.0071182.g002){#pone-0071182-g002}

Although the overall ANOVAs did not yield significant differences in responses for perceived similarity, *F*(3, 114) = 3.89, *p* = .16, or trust, *F*(3, 114) = 4.44, *p* = .09, both measures showed significant linear contrasts, such that the shared goal condition had the highest mean followed by the standard synchrony condition and asynchrony condition with the passive condition showing the lowest mean, *F*(1, 114) = 4.57, *p* = .04, and *F*(1, 114) = 5.48, p = .02, for perceived similarity and trust, respectively. No significant differences were found for perceived difficulty across the four conditions.

Entitativity and perceived similarity were not significantly correlated with the amount of money participant's placed into the group investment (*r* = .13, *p* = .18, and *r* = .06, *p* = .55, respectively). Interdependent self-construal was marginally significantly correlated with the money placed into the group investment (*r* = .18, *p* = .05), and trust was significantly related to investment (*r* = .41, *p*\<.01).

Discussion Experiment 1 {#s5}
=======================

Shared intentionality combined with synchrony produced the highest level of cooperation and self-reported prosociality across all measures. Although the linear trend for cooperation in the public goods game was significant across the four conditions, the shared goal condition was only significantly greater than the asynchrony condition. However, the significant negative skew in the shared goal condition, with the majority of participants (55%) choosing the full \$5, suggests that this cooperation measure may have been influenced by a ceiling effect. In line with expectations, we observed substantive differences across the experimental conditions for interdependent self-construal. Participants in the shared goal condition felt significantly closer to their fellow performance group members than compared to all of the other conditions, suggesting that working together to create synchrony results in participants seeing their self as more integrated with the group. This finding is important because it supports the idea that shared intentionality might be an important factor in producing the cooperative effects of collective music and dance.

Experiment 2 {#s6}
============

To further explore the effect of shared intentionality combined with synchrony, we conducted a second study comparing the cooperative effects of creating synchrony through shared intentionality to the cooperative effects of creating asynchrony through shared intentionality. Additionally, to better understand whether synchrony extends to modalities beyond movement, Experiment 2 used a vocalisation paradigm.

In Experiment 1 we manipulated frequency-locked synchrony -- participants in the asynchrony condition moved at different frequencies. However, participants in initial piloting were unable to *intentionally* chant at different rhythms in small groups (see [@pone.0071182-Kirschner1] for reports of similar problems with drumming). Instead, we manipulated phase-locked synchrony, comparing in-phase to out-of-phase interaction. Several previous studies have examined the effect of phase on social cognition, finding that participants who moved in-phase remembered more information about another participant than participants who moved anti-phase (180° out of time) [@pone.0071182-Macrae1], [@pone.0071182-Miles2]. To our knowledge, Experiment 2 is the first study to examine the influence of relative phase on cooperation.

Because our experiments involved groups larger than two, an anti-phase condition was inappropriate: at least two people would always end up vocalizing in-phase with each other as a by-product of moving anti-phase to a common target. To create a manipulation in which everybody would be out of phase with each other, participants were asked to vocalise one after another in a systematic rhythmic way -- that is, participants were asked to vocalise sequentially.

We hypothesised that a greater proportion of participants vocalising in-phase with shared intentionality (synchrony condition) would cooperate than those who vocalised out-of-phase with shared intentionality (sequential condition). We also predicted that participants in the synchrony condition would report greater perceived similarity, interdependent self-construal, trust and entitativity than the sequential condition.

Methods {#s7}
=======

Participants {#s7a}
------------

Participants were 27 volunteers assigned to groups of three (18 female; mean age = 22.23, range: 18--58 years) recruited through the same method as described for Experiment 1. All participants received a \$5 reward for their involvement. Participants received an additional \$7 or \$10 depending on the outcome of the economic game.

Procedure {#s7b}
---------

### Synchrony manipulation {#s7b1}

We used a between-subjects design in which participants were randomly assigned to one of two vocalization conditions: synchrony and sequential. For the chanting activity, participants sat in chairs, in a row, in groups of three, and were asked to read out loud a list of 54 English words. Words were selected from the Affective Norms for English Words database [@pone.0071182-Bradley1] -- a database of 1034 words with mean ratings of emotional valence from 1(negative) to 9 (positive) and emotional arousal from 1 (low) to 9 (high) for male raters and female raters. Emotionally neutral words were chosen, classified as words with a mean emotional valence rating between 4 and 6 and a mean emotional arousal rating less than 5 (for both males and female ratings). To facilitate synchronised pronunciations, only one-syllable words were selected (54 words in total). We generated twelve pages of emotionally neutral words in three columns, which were presented in a random order for participants to read. Participants read words from this list for 6 minutes. For the synchrony condition, all the participants in a group read the same words. In the sequential condition, each participant read the words from only one column.

In both conditions participants were explicitly instructed to act with a common goal. In the synchrony condition, participants were instructed that the goal of the activity was to speak the words in time with each other. For the sequential condition, participants were instructed that the goal of the activity was to speak the words out of time with each other -- the leftmost participant was instructed to speak the leftmost words on the sheet, the middle participant the middle words, and the rightmost participant the rightmost words. A metronome beat was played through headphones for the first 20 seconds of the activity to help participants initially coordinate (60 bpm for the synchrony condition; 80 bpm for the sequential condition). These tempi were selected based on pre-tests that found that these speeds were the most comfortable for participants to complete each condition. To better motivate participants to follow instructions and to enhance a sense of a common fate, participants were also told that the experimenter would use a voice recorder to measure how accurately participants spoke in time or out of time with each other.

### Cooperation measure {#s7b2}

Experiment 2 used a coordination game with risk (Stag Hunt) rather than a public goods game. The decision to focus on risky coordination was driven by the following considerations. First, we were concerned that the unclear strategies underlying the public goods game might confound our cooperation measure. It has been demonstrated that experimental participants do not readily understand that defection always optimises financial returns in a standard public goods game [@pone.0071182-Andreoni1], [@pone.0071182-Houser1]. Second, we agree with those who argue that coordination games with risk are more common in human social life than prisoner's dilemmas [@pone.0071182-Binmore1]--[@pone.0071182-Skyrms1].

To make the risky coordination game both understandable and intuitive we used a binary choice according to which partners could select either option X or option Y (see [Table 2](#pone-0071182-t002){ref-type="table"}). Option X returned a guaranteed reward of \$7. Option Y returned \$10 if the other partners opted for Y but returned \$0 if at least one other partners opted for X. The optimal choice in this game reduced entirely to predicting what other partners would choose. Presumably all partners would value \$10 over \$7. Thus all participants had an incentive to cooperate, as there was no individual benefit from defecting when others donated. However, if even one player were to defect then the collective benefit would be lost. Thus if one were to defect then so too should everyone to obtain the safe defection payment and avoid the nil result from failed cooperation. The key difference between the prisoner's dilemma (of which a public goods game is an example) and the stag hunt, is that in the prisoner's dilemma defection is the dominant strategy, whereas in a Stag Hunt there are two equilibria: all cooperate and all defect. The particular payoff we used was based upon pre-testing using a sample of 21 participants of comparable demographics.

10.1371/journal.pone.0071182.t002

###### Participants\' choices for the stag hunt game used in Experiment 2 and 3.

![](pone.0071182.t002){#pone-0071182-t002-2}

  Option X                                                                                                                       Option Y
  -------------------------------------------------------------------------------- -----------------------------------------------------------------------------------------------------
  A guaranteed payment of **\$7**, no matter what the other participants decide.    **\$0** if any of the other participants choose X, **BUT** **\$10** if all 3 participants choose Y.
                                                                                                        You will not know what the other participants will choose.

The same procedure as for the public goods game was used except that participants indicated if they would prefer option X or Y.

### Post-activity questionnaire {#s7b3}

Entitativity, perceived similarity, and trust were again measured on 7-point Likert scales but the scales were extended to include more items. Four items were used to measure entitativity (adapted from Lakens and Stel [@pone.0071182-Lakens2]): "How much did you experience a feeling of togetherness with the other participants?", "How much did you feel you were on the same team with the other participants?", "How much did you feel you and the other participants were a unit?", "How much did you feel disconnected from the other participants?" (reverse coded), Cronbach alpha = .79. Two items measured perceived similarity: "how much did you feel similar to the other participants?" and "how much did you feel different to the other participants" (reverse coded), Cronbach alpha = .76. Included were two trust questions pertaining to the economic game: "How much did you trust the other participants going into the payment choice game?" and "How confident were you that the other group members would choose option Y (the \$10 or \$0 option)?", Cronbach alpha = .67. The Inclusion of Self in Other (IOS) was used again to measure interdependent self-construal [@pone.0071182-Aron1], but was modified with beginning of the scale extended with two further diagrams where the circles were separated at different distances [@pone.0071182-Schubert1] and with the amount of circle that overlapped following the scale developed by Swann and colleagues [@pone.0071182-Swann1]. For manipulation checks, we created scales to measure perceived synchrony and perceived cooperation. We devised four items to quantify perceived synchrony, which were measured on 7-point Likert scales. These items were: "How much did you feel you were coordinated with the other participants?", "How much did you feel the other participants and yourself spoke in unison with each other?", "How much did you feel you were disjointed with the other participants?" (reverse coded), "How much did you feel the other participants and yourself spoke out-of-time with each other?" (reverse coded), Cronbach alpha = .72. One item was included to measure perceived cooperation: "How much did you feel you and the other participants cooperated during the task?".

A priori, we expected that participants in the synchrony condition would perceive more synchrony than participants in the sequential condition; however, we expected that participants in both conditions would perceive similar levels of cooperation, given that both conditions required a shared intentional task.

Similar to Experiment 1, we asked participants to rate how difficult they found the speaking activity, and to rate how well they knew each other before the study.

Results {#s8}
=======

The manipulation produced a significant difference in perceived synchrony with participants in the synchrony condition (*M* = 5.50, *SD* = 0.51) rating their condition as significantly more synchronous than participants in the sequential condition (*M* = 4.48, *SD* = 1.23), Welsh's *t*(17.61) = 2.84, *p* = .01, *d* = 1.08. The sequential condition (*M* = 3.29, *SD* = 1.44) was rated as significantly more difficult than the synchrony condition (*M* = 2.08, *SD* = 1.32), *t*(25) = 2.27, *p* = .03, *d* = .88. However, both difficulty means were still on the lower half of the scale. This result suggests that participants did not find either condition too difficult. No significant difference between the conditions in how well participants knew each other beforehand was found, *t*(25) = 1.73, *p* = .10.

A Pearson chi square test found a significant association between the synchrony manipulation and the degree of cooperation, χ^2^(1,27) = 4.49, *p* = .03, with 62% of participants in the synchrony condition choosing the cooperative Y option compared to 21% in the sequential condition. Odds ratios indicated that the odds of a participant cooperating after vocalizing in synchrony were 5.87 times higher than after vocalizing sequentially. (See [Figure 3](#pone-0071182-g003){ref-type="fig"}).

![Cooperation across experimental conditions for Experiment 2.\
The percentage of participants choosing the cooperative Y option for each of the two vocalising conditions.](pone.0071182.g003){#pone-0071182-g003}

No significant difference in perceived cooperation were observed, *t*(25) = 0.07, *p* = .95, perceived similarity, *t*(25) = 1.15, *p* = .26, entitativity, *t*(25) = 0.87, *p* = .39, interdependent self-construal, *t*(25) = 0.75, *p* = .26, and trust, *t*(25) = 0.33, *p* = .75. The only self-report variable that was correlated with cooperative behaviour was trust (*r* = .75, *p*\<.01).

Discussion Experiment 2 {#s9}
=======================

Experiment 2 revealed that participants who chanted in-phase cooperated more than participants who chanted sequentially. Synchrony boosted cooperation when shared intentionality was kept constant. This supports the claim that synchrony is an important factor in influencing cooperation in collective music performances. The lack of any significant differences between the synchrony and sequential conditions in the self-report measures was, however, in contrast to the findings of Experiment 1. In Experiment 1, we found significant differences between the shared goal condition and the comparison conditions in interdependent self-construal. One possibility for this discrepancy between Experiment 1 and Experiment 2 is that in Experiment 2 the comparison conditions did not involve shared intentionality. Therefore, it might have been the presence of shared intentionality rather than synchrony or the combination of synchrony and shared intentionality that boosted interdependent self-construal in Experiment 1. The addition of shared intentionality in the control condition in Experiment 2 might have also boosted self-reported interdependent self-construal, resulting in no difference between the conditions. Another explanation for this discrepancy is that participants in the sequential chanting condition used in Experiment 2 were still synchronous to some degree. Although not in phase-locked synchrony, participants in the sequential condition were nevertheless entrained to a common underlying beat and moved at the same frequency, i.e., participants were in *frequency-locked synchrony*. In support of this idea, participants in the sequential condition still rated their movement above the midpoint of the perceived synchrony scale (a mean of 4.48 on a scale of 1 to 7). If such an explanation was plausible, we would expect that intentionally chanting at different speeds (i.e. without entrainment) would have led to differences in self-report measures.

To better assess the interaction of synchrony and shared intentionality on cooperative behaviour and self-report measures, it is important to investigate the effects of manipulations that vary both synchrony and shared intentionality. This was the objective of Experiment 3, which included both an asynchrony condition and a sequential condition to also examine the relative importance of phase-relationship in producing the synchrony-cooperation effects observed in Experiments 1 and 2. Given the difficulties in creating asynchronous chanting, Experiment 3 employed body movement manipulations of synchrony.

Experiment 3 {#s10}
============

Experiment 3 asked three questions. First we asked: does synchrony interact with shared intentionality to increase prosociality? To help answer this question, synchrony was manipulated with either a shared goal or an individual goal. The co-occurrence of synchrony and shared intentionality in naturally occurring music, dance, and traditional rituals led us to hypothesise that there would be a significant interaction between synchrony and shared intentionality. Specifically, we predicted that the difference in cooperation between the synchrony and control conditions should be greater when shared intentionality is used to create synchrony than when only an individual goal is used to create incidental synchrony. Furthermore, synchrony evoked in the context of shared goals should be associated with greater levels of cooperation than synchrony evoked in the context of individualistic goals.

Second we asked: what psychological processes support synchrony-cooperation effects? To help answer this question, we tested a theoretical model inspired by Hagen and Bryant's [@pone.0071182-Hagen1] theory that music and dance signal a group's cooperative ability to other groups. However, instead of signalling cooperative ability to other groups, we hypothesised that synchrony might serve to reinforce cooperation for the interacting group. According to our *reinforcement of cooperation model*, perceiving synchrony when there is a shared goal to produce synchrony provides immediate feedback of successful cooperation in performing the synchronous task together. With each iteration of a synchronous rhythmic action, fresh evidence of group cooperation is produced so further reinforcing the feeling that the group is successfully cooperating together. Increased feelings of successful cooperation, in turn, leads to perceptions of perceived similarity, entitativity, and interdependent self-construal, from which participants feel greater trust and confidence that their fellow participants will cooperate in the future. Greater trust in turns leads to greater cooperation in future interactions. This mechanism may be further strengthened through joint attention -- to create synchrony through shared intentionality requires participants pay careful attention to each other so creating a greater awareness of synchrony, and therefore further strengthening perceived cooperation, offering additional boosts to cooperative prediction (see [Figure 4](#pone-0071182-g004){ref-type="fig"}).

![The reinforcement of cooperation model.\
(1) Movement manipulation: the creation of synchrony (synch) leads to greater perceived synchrony amongst the performers compared to asynchronous (asynch) or sequential (sequen) movement. (2) Goal manipulation: having a shared goal to coordinate movement in a certain way results in greater attention to the other participants' movements. When a shared goal and synchrony are combined, this further strengthens perceived synchrony. Perceiving synchrony when there is a shared goal to produce synchrony provides immediate feedback of successful cooperation in performing the synchronous task together so increasing perceived cooperation. Increased feelings of successful cooperation lead to perceptions of social unity, from which participants feel greater trust and confidence that their fellow participants will cooperate in the future. Greater trust leads to greater cooperation in future interactions. Numbers above arrows represent standardised coefficients (\* *p*\<.05; \*\* *p*\<.01).](pone.0071182.g004){#pone-0071182-g004}

Third we asked: do the prosocial effects of frequency-locked synchrony differ from those of phase-locked synchrony? This question is relevant to synchronous movements in natural human ecologies because many types of dance and music require performers to purposefully move out of-phase with each other, whilst still entrained to a common underlying beat. To help answer this question, we used two control conditions, one in which participants were entrained to a common beat but moved out of phase with each other (sequential condition); and a second in which participants moved at different speeds and thus were neither phase-locked nor frequency-locked to each other's movements (asynchrony condition). The significant difference in prosociality in Experiment 2 between the synchrony and sequential conditions suggests that being in-phase does increase cooperation compared to being out-of-phase but entrained. We therefore predicted that the synchrony condition would lead to significantly greater cooperation than both the sequential and asynchrony condition. However, based on the observation that many forms of music and dance involve complex phase relations, we also predicted that moving sequentially would result in greater cooperation than moving in asynchrony.

Methods {#s11}
=======

Participants {#s11a}
------------

Participants were 86 volunteers in groups of three recruited through the same method as described for Experiment 1 (61 female; mean age = 23.71, range: 16--60 years).

Procedure {#s11b}
---------

We investigated the interaction of shared goals and synchrony using a 3 (movement) x 2 (goal) factorial design. The three levels of the movement manipulation were: (1) synchrony -- participants moved the same way at the same time; (2) sequential -- participants moved at different times but still entrained to the same beat; and (3) asynchrony -- participants moved at different speeds resulting in them moving out of time with each other. The two levels of the goal manipulation were: (1) shared goal -- participants worked together to complete a shared goal (that is they used shared intentionality); and (2) individual goal -- participants were told to move in time with the metronome beat coming through their headphones. (See [Table 3](#pone-0071182-t003){ref-type="table"} for a summary of the conditions).

10.1371/journal.pone.0071182.t003

###### Summary of the goals participants were given for each of the six conditions used in Experiment 3.

![](pone.0071182.t003){#pone-0071182-t003-3}

                          Movement condition                                             
  ----------------- ------------------------------- ------------------------------------ -----------------------------------
  Group Goal         Work together to move in time   Work together to move sequentially   Work together to move out of time
  Individual Goal       Move in time with beat             Move in time with beat              Move in time with beat

Synchrony Manipulation {#s11c}
----------------------

To accentuate goals, and to provide a more precise method to measure the relative timing of participants' behaviour, foot-pedals where introduced that relayed information about the timing of participants' movements to a computer. Instead of the three different movements, participants were asked to rhythmically step on the foot-pedals with alternating feet for the full six minutes. Participants were also instructed to move their left arm forward with their left leg, and their right arm forward with their right leg.

For the individual goal conditions, participants heard the metronome beat for the full length of the movement activity and were told that the goal of the activity was: "to move in time with the rhythmic pulse being played through your headphones". In the synchrony individual goal condition participants heard the same metronome beat (55 bpm). In the asynchrony individual goal condition each participant was played a metronome beat at a different speed (45 bpm, 55 bpm, 65 bpm). For the sequential individual goal condition, a slightly different metronome beat was designed (played at 45 bpm) with the first two beats presented as a low pitched drum, the next two beats as a mid-tone drum, and the last two beats as a high pitched drum. The left-most participants moved their left feet and arms forward and back on the first 2 beats. Middle participants moved their left feet and arms forward and back on the next 2 beats; right-most participants moved their left feet and arms forward and back on the last two beats.

For the group goal conditions, we created shared intentionality by providing participants with slightly different instructions. In the synchrony group goal condition participants were told that the goal of the activity was: "to move like this in time with each other; this means that you are consistently pressing the pedal at the same time as each other, and moving at the same speed." Participants in the sequential-group goal conditions were told that the goal of the activity was: "to move like this sequentially and at the same speed as each other". Participants in the asynchrony-group goal conditions were told that the goal of the activity was: "to move like this out of time with each other; this means that you are *not* consistently pressing the pedals at the same time as another, but will be moving at different speeds". To help participants coordinate at the beginning of each condition, the appropriate metronome beat for the condition was played for the first 20 seconds of their movement. Participants were told that after 20 seconds the pulse will stop and they will need to work together to stay in time/move sequentially/stay out of time. To facilitate out-of-time movements in the asynchrony conditions, left-most participants who initially heard the slowest 45 bpm metronome were told to slow the speed of their movements down a little if they found themselves moving in time, whereas rightmost participants who initially heard the 65 bpm metronome were told to speed up if they found themselves moving in time.

Goal salience was accentuated both by informing participants that foot-pedal activations were being measured and by their performance being video recorded. Additionally, participants in the individual goal conditions were instructed that "it is important that you do the best you can to keep in time with the pulse" whereas participants in the group goal conditions were instructed that "it is important that you work together to keep in time/keep coordinated/keep out of time with each other."

Cooperation Measure and Post-activity Questionnaire {#s11d}
---------------------------------------------------

Experiment 3 used the same stag-hunt protocol used in Experiment 2. The same post-activity questionnaire from Experiment 2 was also used with measures for perceived synchrony (Cronbach alpha = .83), similarity (Cronbach alpha = .56), entitativity (Cronbach alpha = .77), trust (Cronbach alpha = .81), and the one-item measures of cooperation and interdependent self-construal. Because similarity, entitativity, and interdependent self-construal tapped into a similar underlying construct of how the self is seen in relation to others, we examined the possibility of combining these measures into a single factor. Perceived similarity and interdependent self-construal were both strongly positively correlated with entitativity (*r = *.63, *p*\<.01 and *r* = .59, *p*\<.01 for perceived similarity and interdependent self-construal with entitativity respectively). A principal components factor analysis on the seven items (4 entitativity items, 2 similarity items, 1 self-construal item) with varimax rotation, using Kaiser's criterion of eigenvalues greater than 1, confirmed that there was only one factor. This single factor, which we termed *social unity*, explained 52.86% of the variance in the items. The internal consistency reliability of this social unity measure was also good (Cronbach alpha = .82).

Four items were also used to measure the amount of attention paid to the other participants: "How much did you pay attention to the other participants?", "How much did you find the other participants aided in doing the activity?", "How much did you try to ignore the other participants?" (reverse coded), "How much did you find the other participants distracting?" (reverse coded), (Cronbach alpha = .72).

Results {#s12}
=======

Two participants were removed who were in the same group and reported being in a committed romantic relationship together. Two participants were also removed because they spent nearly 3 times as long as other participants completing the questionnaire, suggesting their level of English was not adequate. No significant main effects or interactions in how well participants knew each other beforehand were found, *F* ~max~ = 1.69, *p* = .19.

Manipulation Check {#s12a}
------------------

The timing of the foot-pedal presses, self-reported perceived synchrony, perceived cooperation, and perceived difficulty were analysed to check that the synchrony and goal manipulations worked (see [Data S1](#pone.0071182.s001){ref-type="supplementary-material"}).

Cooperation {#s12b}
-----------

To examine the effect of the manipulations on cooperation, a three-way hierarchical log-linear analysis with backward elimination was conducted with movement (3 levels), goal (2 levels), and cooperative behaviour (2 levels). A significant Movement x Goal x Behaviour interaction was found, χ^2^(2,82) = 7.94, *p* = .02. Follow-up chi-square tests were used to examine this interaction. These tests revealed a significant difference between the group goal conditions, χ^2^(2,42) = 8.68, *p* = .01. The synchrony group goal condition was significantly different from both the sequential group goal condition, χ^2^(1,28) = 6.30, *p* = .01, and the asynchrony group goal condition, χ^2^(1,28) = 8.02, *p* = .01. No significant difference existed between the sequential and asynchrony condition, χ^2^(1,28) = .14, *p* = .71. Odds ratios tests indicated that the odds of a participant cooperating after moving in synchrony was 13.00 times higher than after moving sequentially and 17.33 times higher than after moving asynchronously. No significant differences were found in the individual goal condition, χ^2^ (2,40) = 1.06, *p* = .59. Comparisons between the individual goal conditions indicated that the odds of a participant cooperating after moving in synchrony was 2.13 times lower after moving sequentially and 1.17 times lower than after moving asynchronously. As shown in [Figure 5](#pone-0071182-g005){ref-type="fig"}, the interaction between movement and goals on cooperation was primarily driven by the synchrony group goal condition, where 93% of participants chose the cooperative Y option compared with between 43%--62% who opted for the cooperative Y in the other conditions. These results indicate that the combination of shared intentionality and synchrony is important.

![Cooperation across experimental conditions for Experiment 2.\
The percentage of participants choosing the cooperative Y option for when synchronous, sequential or asynchronous movement is created through a group goal or an individual goal.](pone.0071182.g005){#pone-0071182-g005}

Post-activity Questionnaire {#s12c}
---------------------------

To examine the effects our manipulations had on psychological states, we ran a 3 (movement) x2 (goal) factorial ANOVA for social unity, trust and attention. There was no significant interaction or main effect of goal on social unity (*F* ~max~ = 1.33, *p* = .27). However we found a significant main effect of movement on social unity, *F*(2,76) = 6.15, *p*\<.01, *η~p~* ^2^ = 0.14. Gabriel post-hoc tests revealed that the synchrony condition (*M* = 4.52, *SD* = 0.97) had a significantly higher mean for social unity than the asynchrony condition (*M* = 3.58, *SD* = 1.22; *p*\<.01, *d* = 0.85), but not the sequential condition (*M* = 4.13, *SD* = 1.07; *p* = .45, *d* = 0.38). There was also no significant difference in social unity between the sequential and asynchrony conditions (*p* = .12, *d* = 0.48). Importantly, social unity was significantly positively correlated with participants' choice of the cooperative Y option (*r* ~pb~ = .32, *p*\<.01).

Comparisons of attention directed towards other participants revealed a significant main effect for synchrony, *F*(2,76) = 6.46, *p*\<.01, *η* ~p~ ^2^ = 0.15, and a significant main effect for goal, *F*(2,76) = 6.15, *p* = . 02, *η* ~p~ ^2^ = 0.08, but no significant interaction, *F*(2,76) = 1.80, *p* = .17, *η* ~p~ ^2^ = 0.05. Exploring the main effect of synchrony, Gabriel post-hoc tests revealed that participants paid more attention to their fellow participants in the synchrony condition (*M = *5.26, *SD* = 1.04) than in the asynchrony condition (*M* = 4.18, *SD* = 1.46; *p*\<.01, *d* = 85). The sequential condition (*M* = 4.98, *SD* = 1.17) was also associated with significantly higher attention than the asynchrony condition (*p* = .04, *d* = 0.60), but did not differ from the synchrony condition (*p* = .76, *d* = 0.25). Explorations of the main effect of goal revealed that the group goal condition (*M* = 5.12, *SD* = 1.27) had a significantly higher mean than the individual goal condition (*M* = 4.49, *SD* = 1.27; *d* = 0.50).

No main effects or interactions were found for trust, *F* ~max~ = 1.00, *p* = .37.

Path Analysis {#s12d}
-------------

The reinforcement of cooperation model was tested using MPlus [@pone.0071182-Muthn1]. Because the synchrony manipulation had three levels, two dummy codes were used for the path analysis. Our main interest was in the effect of synchrony compared to the sequential and asynchrony conditions. Thus one dummy variable was used when comparing the synchrony condition with the asynchrony condition and the other dummy variable was used when comparing the synchrony condition with the sequential condition. The model provided a very good fit: χ2 (24) = 32.06, p = .13; CFI = .94, RMSEA = .06, WRMR = .71 (see [Figure 4](#pone-0071182-g004){ref-type="fig"} for standardised coefficients). Yu and Muthén suggest CFI\>.95, RMSEA\<.06, WRMR\<.90 as cut off values for good models when the outcome variable is categorical (cited in [@pone.0071182-Muthn2]).

We also tested an alternative model in which psychological reactions are consequences of behaviour: greater social unity is produced from acting cooperatively in the economic game. This is in line with self-perception theory [@pone.0071182-Bem1] that states that people derive their psychological states based on their observation of behaviour. Importantly, this reversed causal model did not fit the data well: χ^2^ (22) = 89.28, *p*\<.01; CFI = .73, RMSEA = .19, SRMR = .17. This shows that the reinforcement of cooperation model is robust against plausible alternative models.

Discussion Experiment 3 {#s13}
=======================

Experiment 3 found that when participants worked together to create synchrony nearly all participants opted for the cooperative option, despite its risks. Working together to move out of time did not appear to significantly influence cooperation, nor did moving in synchrony without shared intentionality. The lack of any significant difference between the movement conditions in the individual goal condition was interesting, given previous studies showing that synchrony manipulated through entrainment to a recorded beat increased prosocial behaviour [@pone.0071182-Valdesolo1], [@pone.0071182-Wiltermuth1], (but see [@pone.0071182-Cohen2], [@pone.0071182-Schachner1]). Speculating, it is possible that instructions to act in synchrony tend to evoke shared-intentionality even when participants are not explicitly instructed to follow a shared goal. In the individual goal condition where we explicitly emphasised an individual goal, this lead to a reduction of any implicit shared intentionality so reducing any synchrony-cooperation effect. In the group goal condition where we explicitly emphasised a group goal, this lead to an increase in shared intentionality so increasing the synchrony-cooperation effect. Collectively these findings suggest that it is the interaction of group synchrony with shared goals that leads to increased prosocial behaviours.

The path analysis supported the reinforcement of cooperation model that we proposed to explain how synchrony and shared intentionality may combine to increase cooperation. In this model, perceived synchrony when framed by a collective goal to generate synchrony provides evidence of successful cooperation Evidence of successful cooperation leads to feelings of unity, and trust, which in turn supports subsequent cooperative behaviours. Although the path analysis shows that our data is *consistent* with our proposed theoretical model, we can only claim support for a causal relation between the independent variables of our design (movement and goal) and our dependent variables (cooperative behaviour and self-report data). Evidence of the causal relation between the dependent variables in our model will need to be subsequently investigated.

The third aim of Experiment 3 was to assess the relative importance of phase-locked synchrony versus frequency-locked synchrony. For cooperative behaviour, the synchrony condition resulted in significantly more cooperation than were observed in both the asynchrony and sequential conditions. This suggests that being in-phase is important to produce an increase in cooperation. Although descriptive statistics indicate that the proportion of participants who choose the cooperative option was greater in the sequential condition than the asynchrony condition, this difference was not significant. This would seem to indicate that it is phase-locked synchrony rather than frequency-locked synchrony that fosters cooperation.

Our finding of no significant difference between the sequential and asynchrony conditions may appear surprising given that out-of-phase frequency-locked synchrony is common across cultures. It is possible that our manipulation of frequency-locked synchrony did not capture the complex inter-personal phase patterning that is commonly found in music and dance. For example, in the sequential condition, participants performed and then stood passively while the other group members performed. This may have made people more self-aware as only one participant was performing at a time, so increasing their feelings of being an individual. An increase in cooperation may have been found if participants were continuously performing out of phase with each other -- a question that could be explored in future research.

Conclusion {#s13a}
----------

The results of the three experiments reported above indicate that synchrony promotes cooperation more powerfully when it is framed as a collective goal. We found that synchrony combined with shared intentionality leads to greater cooperation than synchrony without shared intentionality or shared intentionality combined with asynchronous movement or vocalising. Our study offers the first demonstration that synchrony interacts with explicitly shared goals to support cooperative interactions. Additionally, we present and empirically assess a plausible psychological model for the proximate cognitive processes that underpin heightened prosociality, when synchrony and collective goals combine.

Limitations {#s13b}
-----------

Our primary aim of these three experiments was to examine the causal relationship between synchrony, shared intentionality and cooperation. To create strong internal validity to examine this question, our artificial creation of collective song and dance deviated from that commonly found in human ecologies. For example, most natural expressions of music and dance last considerably longer than the six minutes used in our experiments; are performed by groups of people who know each other well usually with an existing group identity; and often involve group identifiers such as similar dress, a shared cultural meaning of the dance or music, and lyrics that prime unique attributes of the group [@pone.0071182-Boer1]--[@pone.0071182-Hanna1]. It is unclear how these factors may interact with shared intentionality and synchrony to affect cooperative outcomes. It would be important in future research to investigate how these different factors combine in natural ecologies [@pone.0071182-Fischer1].

Importance of Findings {#s13c}
----------------------

Synchrony involves the temporal and often spatial matching of behaviour to another individual. One theory that has been proposed for the cooperative effects of synchrony (along with related phenomena such as mimicry) is that the joint recruitment of motor and perceptual systems needed for such imitation results in a blurring of the self with another [@pone.0071182-Benzon1], [@pone.0071182-Hove1], [@pone.0071182-Hove2]--[@pone.0071182-Chartrand1]. An important contribution of this study is the observation that in group synchrony, such low-level action and perception systems combine with higher level intentional systems to evoke especially powerful cooperative responses. We have shown it may be an alignment of ideals in concert with an alignment of bodies that amplifies cooperative responses. This finding contributes to an increasing chorus among cognitive neuroscientists emphasizing the importance of investigating relationships between implicit and explicit cognition [@pone.0071182-Knoblich1], [@pone.0071182-Newell1].

We also believe that our study holds interest for evolutionary scholars. It has long been conjectured that collective music and dance are bio-cultural adaptations for cooperation [@pone.0071182-Bispham1], [@pone.0071182-Freeman1], [@pone.0071182-Mithen1], [@pone.0071182-Cross2]--[@pone.0071182-Hauser1]. Such functionality could explain the universality and retention of music and dance across all known human societies, present and past, despite associated energy, resource, and opportunity costs [@pone.0071182-Huron1]. In line with past research [@pone.0071182-Wiltermuth1], our finding that greater cooperation is associated with collective synchrony offer support for these adaptationist intuitions. We have taken these findings further by showing that the framing of coordinated behaviour with purposes that transcend personal interests produces an even more powerful cooperative response than synchronous interaction in isolation from collective goals.
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